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INTRODUCTION
T he lens is an important part of the refractive media in the eye. Its related conditions and diseases, such as cataracts, dislocation, and trauma, seriously affect vision. Until now, the slit lamp is still the major means to observe the lens morphology and diagnose its related diseases [1] . But the slit lamp is an optical inspection device, which is easily affected by the opacity degree of the refractive media and the pupil size. Some anterior segment diseases, such as corneal leukoplakia, hyphema, occlusion of pupil, etc. all can affect the complete observation of lens. In recent years, developments in modalities for anterior segment inspection, such as anterior segment optical coherence tomography (AS-OCT), the Pentacam, and Orbscan II, have allowed clinicians to visualize the anterior segments in cross-section. However, like the slit lamp, these modalities are also optical devices that have some limitations on the overall displaying the lens. So they are often used to measure and compare the anterior segment parameters [2] [3] [4] , and few studies have evaluated the shape of the lens and its related diseases. With the emergence of ultrasound biomicroscopy (UBM) [5] [6] , which has a high frequency transducer, ophthalmologists can obtain information about the lens. However, because the frequency of UBM usually is 50-100 MHz, its penetration is only 3-5 mm [7] , so it cannot display a complete clinical lens image. The best method to completely visualize the lens, diagnose diseases, and design a reasonable treatment plan has increasingly become a matter of concern among ophthalmologists. The 25 MHz UBM is a novel ultrasonic diagnostic device that works the same principle as 50 MHz UBM, its frequency is lower, but the depth of penetration is much higher (9-10 mm), and its ultrasonic focus is on the lens. Thus it is possible to acquire high-quality images of the lens.
To the best of our knowledge, information regarding these two different frequencies of UBM is scarce. This prospective comparison will discuss these two different imaging modalities and their role in the diagnosis and management of the lens. Figure 1 . The 25 MHz UBM axial section image revealed that the anterior and posterior capsular lens appeared as two smooth arc lines in strong echo, and no echo was present inside the normal lens, the zonule was visible as a thin and weak stripe-like echo ( Figure 1A ). On 50 MHz UBM axial section image, the echoes of the lens were weaker than those of 25 MHz UBM, and the zonule was barely visible ( Figure 1C ). Other anterior segments, such as the cornea, iris, and ciliary body, were displayed more clearly on 50 MHz than on 25 MHz UBM images ( Figure 1B, 1D (Figure 4) .
SUBJECT AND METHODS

DISCUSSION
UBM is a noninvasive imaging modality that allows for the real-time visualization of anterior segment tissues with microscopic resolution and provides information about the size and nature of the lesion, permitting a presumptive diagnosis [8] [9] [10] [11] [12] . In general, the transducer frequency is 50-100 MHz, and the transducer focus is on the surrounding iris; therefore, the anterior segments, such as the cornea, iris, and ciliary body and the anterior capsule of the lens, can be displayed clearly. The characteristics of ultrasonic frequency include a higher frequency and increased resolution, but reduced penetration [13] . As a result, except for the anterior capsule of the lens and a small portion of posterior lens capsule, other parts of the lens can hardly be imaged by 50 MHz UBM. Currently, with the emergence of 25 MHz UBM, which has a relatively low ultrasound frequency and increased penetration, it is possible to observe the overall morphology of the lens. In this prospective study, we verified this presumption by comparing these two UBM frequencies.
To completely observe the lens and its lesions, four axial images were captured, and no statistically significant differences were observed between different directions and parameters for 25 MHz and 50 MHz UBM images. Therefore, the mean values of the anterior segment parameters in the four axial sections were used to compare 25 MHz and 50 MHz UBM, and a statistically significant difference was observed between these two frequencies. The tissue images before the anterior surface of the lens were more obscure with the use of 25 MHz UBM due to its lower resolution than on 50 MHz UBM, which may lead to differences in measurements of the CCT and central ACD. However, 25 MHz UBM has a lower frequency with better penetration, and the focus of the transducer is concentrated on the lens. Thus, the complete shape of the lens is displayed more clearly than on 50 MHz UBM. The imaging quality of the posterior lens pole obtained with 50 MHz UBM was greatly affected by the thickness and opacity degree of the lens, especially in most intumescent and nuclear cataract, the posterior lens pole was showed as a dark hypoecho, which may be the reason why the mean CLT of 50 MHz UBM was lower than that obtained by 25 MHz UBM. Our study results showed that there were good agreements between these two different frequencies UBM for anterior segment inspection, which is in accord with the previous researches on comparison of anterior segment parameter among different anterior segment modalities [14] [15] [16] . The two UBMs have the same ultrasonic work principle except for different transducer frequency and ultrasound focus, so the anterior segment parameters obtained with these two UBMs are comparable, and they can replace each other to some extent. There is still no gold standard exists for the measurement of anterior segment parameters till now, and it is possible that 50 MHz UBM underestimates the CLT, therefore, the CLT obtained using 25 MHz UBM can replace the lens parameter of 50 MHz UBM and provide a reliable reference for the studies on lens morphology and related diseases.
In the present study, in order to reduce the measurement errors that were led by morphological changes because of long time constriction in eyes with eyecup, every patient had a ten minutes rest between the two UBMs examination. Moreover, all subjects in the same indoor environment and watching distance, one skill operator performed all examinations and measurement, which ensure the consistency of all inspection conditions. However, for other anterior segments in longitudinal sections, 25 MHz UBM does not produce an ideal image and is thus not suitable for imaging corneal diseases, glaucoma, and other anterior segment-related diseases. Therefore, longitudinal section images and parameters were not thoroughly measured in this study. Due to its advantage of the ability to show the entire lens, 25 MHz UBM is an ideal method to study the lens and its related diseases, especially cataracts. Cataracts represent one of the most well-known disabling eye conditions, and the appearance of a cataract seems to be a result of biochemical changes in the lens [17] . Observation and diagnosis have mainly relied on slit lamp examinations and medical history. Because the anatomical location of the lens is behind the iris, only a portion of the lens can be seen via a slit lamp; even after mydriasis, the lens periphery still cannot be visualized. Using 25 MHz UBM without mydriasis, the entire lens section can be observed visually. In the axial section images obtained by 25 MHz UBM, the opacity of the lens is displayed very clearly, which is crucial for examining cataract formation and clinical classification. Age-related cataracts are the most common type of cataract, and according to the Lens Opacities Classification System (LOCS III) and clinical manifestations, age-related cataracts are classified into three types: cortical, posterior subcapsular, and nuclear cataracts [18] [19] . This classification system, which is based on slit lamp standard photographs after dilation, is susceptible to a variety of interpretations by different observers, which might compromise its reproducibility [20] . The use of 25 MHz UBM provides an effective, objective imaging basis for LOCS III, and each type of age-related cataract displays intuitive ultrasonic characteristics on 25 MHz UBM. In addition to age-related cataracts, other types of cataracts, such as traumatic cataracts, could be objectively imaged using 25 MHz UBM. Determining preoperatively the presence of an intact posterior lens capsule through echographic confirmation assists the physician in surgical planning [21] . In the present study, 6 eyes with traumatic cataracts were found the tear of posterior lens capsule using 25 MHz UBM and they were confirmed intraoperative, compared with 25 MHz UBM, 50 MHz UBM cannot display the full posterior lens capsule except a small portion of the lens posterior pole. Previous studies had used 20 MHz ultrasound to observe the posterior capsule of the lens [22] [23] , Tabatabaei et al [23] found 93% sensitivity and 86% specificity for the 20 MHz probe to detect a posterior capsule tear of any size. Kucukevcilioglu et al [24] reported one case with 1.0 mm posterior capsule irregularity using 35 MHz UBM, they emphasized that 35 MHz UBM was equipped with 70 μm of axial-lateral resolution and penetration of 7.0 to 8.0 mm probe, as a result, it could provide more detailed evaluation of the zonule and ciliary body because of its deeper penetration than 50 MHz UBM and higher resolution than 20 MHz ultrasound. With a penetration of 9.0 mm and 50 μm of axial-lateral resolution, 25 MHz UBM is another novel and practical ultrasonic diagnostic tool for the integrity of posterior lens capsule.
Other anterior segment inspection modalities, such as the Pentacam, Orbscan II, and AS-OCT, can also obtain anterior segment images, but they cannot display an ideal lens image. The Pentacam can be used in nuclear cataract grading and the preoperative evaluation of the lens nucleus density in the case of mydriasis [25] [26] . Kim et al [27] showed that although the Pentacam can effectively measure lens nucleus density, it is difficult to measure the posterior cortex and posterior capsule, even if the pupil is fully dilated. The use of 25 MHz UBM is not affected by pupil size and refractive media opacity, and it showed the lens opacity and site more clearly than 50 MHz UBM and other anterior segment inspection modalities.
In conclusion, compared with 50 MHz UBM, 25 MHz UBM had a greater advantage in showing the complete morphology of the lens. It can provide reliable imaging of the lens and its related diseases and has a high application value for ophthalmology. The use of 25 MHz UBM plays an irreplaceable role in the study of lens diseases. And a combination of these two frequencies may be the best method to obtain an objective imaging diagnosis of the anterior segment tissue in clinical practice.
